Nickel aluminides of the equimolar composition (NiAl) with the crystal structure of the B2 type possess an attractive balance of chemical and physical proper ties: a high melting point (1640°C) [1] , low density (ρ = 5.9 g/cm 2 [2], and elevated thermal conductivity (λ = 92 W/(m K)) [3] and oxidation resistance (up to 1300°C) [1, 4] . Therefore, NiAl based alloys are con sidered promising compositions for the development of new high temperature construction materials for turbine type power installations.
INTRODUCTION
Nickel aluminides of the equimolar composition (NiAl) with the crystal structure of the B2 type possess an attractive balance of chemical and physical proper ties: a high melting point (1640°C) [1] , low density (ρ = 5.9 g/cm 2 [2] , and elevated thermal conductivity (λ = 92 W/(m K)) [3] and oxidation resistance (up to 1300°C) [1, 4] . Therefore, NiAl based alloys are con sidered promising compositions for the development of new high temperature construction materials for turbine type power installations.
Currently, such materials have a limited plasticity at normal temperatures and insufficient high temper ature strength (low creep resistance). The improve ment of mechanical characteristics of alloys based on a brittle intermetallic NiAl matrix can be attained by alloying them with plastic metals, which should ensure thermomechanical stability under prolonged loads. In this case, refractory metals such as Cr, W, Mo, Re, and V are very promising in this aspect, since they form quasi binary eutectics with NiAl [5] [6] [7] [8] . Due to a high melting point and high activity of components, the fabrication of such materials is a very complex techni cal problem. It should be noted that the structure and properties of these alloys are very sensitive to the com position and the method of their preparation. This study is targeted at investigating the possibility of fabricating nickel aluminide-based cast alloys by centrifugal SHS metallurgy. Such mixtures are able to combust in a broad range of reagent ratios, while their combustion temperature can exceed 3000°C, which makes it possible to fabri cate final products in a cast form.
EXPERIMENTAL
The schematic of preparation of exothermic com positions includes the following:
(i) dosing the components; (ii) mixing in a planetary mixer for 15 min; (iii) pouring the charge into refractory graphite forms 40 and 80 mm in diameter; (iv) their subsequent arrangement on a rotor of a radial type centrifugal SHS installation [11] .
The installation design allows us to achieve accel erations up to 1000 g. The inner surface of graphite mold was plated with aluminum oxide in order to min imize the chemical interaction of combustion prod ucts with the mold material. Figure 1 shows four main stages of the synthesis of cast materials by the SHS metallurgy method in the field of centrifugal forces. After charge inflammation by an electric spiral (see Fig. 1a ), the combustion front propagates over the mixture (Fig. 1b) , behind which the molten layer of combustion products, which con sists of two phases-metallic and oxide (Al 2 O 3 )-is formed. Due to their mutual insolubility and a consid erable difference in the specific weight, mutual sepa ration occurs under the effect of gravity (see Fig. 1c ). At the final stage, the melt cools and crystallizes due to heat exchange (Fig. 1d) . The forming ingot is a two layer product; there is a metallic alloy in the lower layer and the oxide solution is in the upper one.
The computed composition of synthesized alloys is presented in Table 1 . The first two compositions (I, II) are quasi binary NiAl-(Mo, Cr) eutectic compositions alloyed with Hf and B, while the latter (III and IV) are more complexly alloyed.
We experimentally measured the combustion rate (U c ), magnitude of spread (η 1 ), and depth of yield of the target product into the ingot (η 2 ). Their values were computed according to the following formulas:
where h is the sample height, t is the combustion time, m exp and m comp are the experimental and computed ingot weights, and M 0 and M are the initial and final sample weights.
The microstructure of prepared alloys was investi gated by scanning electron microscopy using a Zeiss Ultra plus ultrahigh resolution installation based on an Ultra 55 device. X ray phase analysis (XPA) of the samples was performed using a DRON 3 diffractometer (CuK α radiation) with recording interval 2θ = 10°-80°. The alloy density was measured by a gravimetric method according to GOST (State Standard) 18898-89. 
RESULTS AND DISCUSSION

Regularities of Combustion of Initial Compositions and Gravity Separation of Synthesis Products
Experimental investigations of compositions I-IV were performed in acceleration range a = 50-400 g. It is revealed that range a = 150-200 g is optimal for the synthesis of cast alloys. Ingots fabricated under these conditions had a weight close to the calculated one (about 98 wt %), while the composition spread during combustion was no larger than 1.5 wt %. After the syn thesis, the metallic and oxide layers were easily mechanically separated into the target alloy and oxide solution (Al 2 O 3 ). The appearance of cast samples syn thesized at a = 200 g and extracted from a refractory mold is shown in Fig. 2 . For all samples a small shrink age hole was often present in the center of the upper part, which is a characteristic sign for cast materials. No residual porosity was observed on a transverse cross section of the ingot.
A substantial increase in the combustion rate was revealed in experiments for the synthesis of the sam ples at various g (Fig. 3) : from 2 to 6.2 cm/s for com position II and from 2 to 8.2 cm/s for composition III. The most intense increase in the front propagation rate (by more than a factor of 4) was observed in a range of values a = 10-150 g. The increase in the mag nitude of U c is caused by the forced filtration of a high temperature melt into the initial mixture [12] [13] [14] .
The convective motion of the melt behind the com bustion front under the effect of gravity leads to an increase in the completeness of the chemical interac tion in the combustion wave and melt homogenization over the volume of the melt of combustion products.
It should be noted that, along with a considerable increase in the combustion rate and the rise of gravity, a substantial decrease in the magnitude of spread is observed (η 1 ), while the depth of yield of the target product (η 2 ) into the ingot approaches the computed value (see Fig. 3 ).
Investigation into the Phase Composition and Microstructure of Alloys
XPA results of materials fabricated under optimal gravity conditions (200 g) are presented in Table 2 . An analysis of these data shows that all synthesized alloys are formed based the β phase (NiAl based solid solu tion) and γ phase (solid solution based on Mo, Cr, Nb, and V) with an insignificant content of intermetallic compounds including borides. Thus, we can distinguish three main structural com ponents in the alloy fabricated from composition I (see Fig. 5 ): a matrix with the eutectic structure β/γ (gray fibrous isolations), which consists of the solid solution based on Mo and NiAl; NiAl grains (dark gray regions); and platelet (light gray) isolations of molyb denum borides (MoB).
The sample made of mixture II (see Fig. 6 ) has a structure similar to the previous one and is formed from thin (light gray) boundary isolations of the β/γ eutectics, where γ is the Cr based solid solution. Gray regions belong to the NiAl phase, thin platelet (dark gray) isolations are referred to chromium borides (CrB), and rare light gray boundary inclusions belong to the Cr based Hf enriched solid solution.
The structure of the alloy of composition III (see Fig. 7 ) is formed from NiAl grains with an average grain size of ~10 μm (light gray regions). Grains of the β phase are distributed uniformly in the matrix (dark gray interlayers), which consists of the Cr based solid solution containing V and Al. The phase based on borides includes V and Cr, which is apparently the solid solution of CrB in VB. We revealed at larger mag nification that the matrix has an ultradispersed eutec tic structure.
The sample made of composition IV (see Fig. 8 ) has a composite structure. This is explained by the increased boron content in it. Borides form colonies of platelet inclusions in the alloy composition. The eutectic structure is observed in the matrix like before, while the grains of the NiAl phase are distributed in it in the form of coarse isolations ~30-40 μm in size.
Results of the Density Measurement of Alloys
Results of density (ρ) measurement of alloys syn thesized from mixtures I-IV are presented in Table 3 . It is seen that the magnitude of ρ for all four composi tions did not exceed 6.7 g/cm 3 . Such values of density in totality with a high volume content of NiAl are attractive for applying fabricated alloys as new heat resistant materials and coatings made of them. CONCLUSIONS In this study eutectic alloys based on nickel alu minide of the equimolar composition (NiAl) are syn thesized. It is shown that they have the composition structure of the NiAl grain and a small amount of boride inclusions (MoB, V(Cr)B, Mo(Nb)B 2 ), which are uniformly distributed in the matrix consisting of β/γ eutectics.
It is established that the most manufacturable range of accelerations when producing the alloys is a = 150-200 g. The short term character of the SHS process and protection with the oxide layer (Al 2 O 3 ) against oxidation make it possible to synthesize cast alloys in air, which is impossible for current industrial methods (powder metallurgy, hot isostatic pressing (HIP), reaction sintering, spark pulse sintering (SPS), etc.).
The results from these investigations will become the basis for obtaining new high temperature con struction materials used in the production of power turbine type installations, which will possess a com plex of increased operational characteristics (strength, wear resistance, thermal stability, chemical resistance, 
